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Fig. 8.— Luminosity distance modulus vs. redshift for the ESSENCE, SNLS, and nearby

SNe Ia for MLCS2k2 with the “glosz” AV prior. For comparison the overplotted solid line
and residuals are for a ΛCDM (w, ΩM, ΩΛ) = (−1, 0.27, 0.73) Universe.
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ESSENCE + SNLS
120 SN Ia

nearby sample
45 SN Ia

➔ SDSS 2.5m telescope 
+ imager

http://sdssdp47.fnal.gov/sdsssn/sdsssn.html

Hamuy et al. (1996),
Riess et al. (1999),
Jha et al. (2006), ...

Astier et al. (2006)
Wood-Vasey et al. (2007)

SDSS SN

• goal of the SDSS SN survey:   
fill in SN Ia Hubble diagram   
at redshifts 0.1 ≲ z ≲ 0.3

• connect low-z with high-z
• test the concordance 

cosmology

• challenges

• peak magnitude m ≃ 20-22

• must search hundreds of 
square degrees of sky

http://sdssdp47.fnal.gov/sdsssn/sdsssn.html
http://sdssdp47.fnal.gov/sdsssn/sdsssn.html
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12/12/2006 12:34 AMSpecific Candidate

Page 1 of 17http://sdssdp47.fnal.gov/sdsssn_data/candidates/examineCand.php?cid=13135

Return To Candidates
Finding Chart
CAS Explore
NED Search

Details for Candidate SN13135

Initial RA (deg) 4.172303

Initial Dec (deg) -0.424537

Averaged RA (deg) 4.172286

Averaged Dec (deg) -0.424540

Averaged RA (hh:mm:ss) 0:16:41.35

Averaged Dec (dd:mm:ss) -0:25:28.3

Redshift 0.1050

IUAC Name 2006fz

Observability 0.000

Time weight 0.000

Crowding weight -1.000

Dust weight -1.000

Entry date/time 2006-09-16 18:00:38

Fits

Fit type   Best  Criterion A Criterion B

z fit Ia Ia Ia

z constrained Ia Ia Ia

SN type Chisq
Days

Past Peak
dm_15* z Av Pk g Mag Pk r Mag g mag r mag

Ia (noz) 8.21 78.46 1.30 0.1000 0.0794 19.315 19.365 99.999 99.999

Ibc (noz) 104.93 78.46 0.60 0.0631 0.0100 19.606 19.228 99.999 99.999

II (noz) 81.32 80.46 0.80 0.1259 0.3162 19.474 19.531 22.999 22.466

Ia (z) 8.32 78.46 1.20 0.1050 0.0794 19.321 19.378 99.999 99.999

Ibc (z) 260.96 75.46 0.70 0.1050 0.7943 19.701 18.981 22.060 20.999

II (z) 85.82 79.66 0.80 0.1050 0.6310 19.503 19.442 22.971 22.345

*Explanation of dm15 codes for SNIbc and SNII
type II: 0.6->Nugent's II-L; 0.7->Nugent's II-P; 0.8->Nugent's IIn; 0.9->SN1999em (II-P); 1.0->SN1998S (IIn); 1.1->SN1993J (IIb) 
type Ibc: 0.6->Nugent's normal Ibc; 0.7->Nugent's Ibc hypernova; 0.8->SN2002ap (another Ic hypernova); 0.9->1999ex (normal Ic) 

Objects

Clicking on the links in the ID# column will give you access to the r-band fits format finding charts. You may be able to get your
browser to display the files with ds9. But Your browser may try to display the fits file as text unless you right click on the link and save
the file to a local disk.

ID # Rank Scanner Ra Dec G Mag R Mag I Mag
Obs
Date

Obs
MJD

SRun SField rr cc TRun TField Flags

948577 -1 (none) 4.172250
-

0.424517
21.518 21.480 21.395 06/09/12 53990.32 6330 30 10 3 826002 367    

-

1000 1020 1040 1060

2
3

2
2

2
1

2
0

1
9

o
b

s
e

rv
e

d
 m

a
g

n
it
u

d
e

MJD (53000+)

SN2006fz

(SN Ia @ z = 0.105)

g

r

i

12/12/2006 12:34 AMSpecific Candidate

Page 10 of 17http://sdssdp47.fnal.gov/sdsssn_data/candidates/examineCand.php?cid=13135

6425 r 1059649

6425 i 1059649

6430 g 1071964

6430 r 1071964

6430 i 1071964
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APO 3.5m DIS spectrum SN 2006fz
SN Ia   z = 0.105

Bassett et al. (2007), CBET 627
J. Marriner, Fermilab

M. Sako, U. Pennsylvania



SDSS-II Supernova Survey - Spectroscopy Analysis of 2005/2006

Chen Zheng (KIPAC/Stanford U)!on behalf of the SDSS-IISupernova Survey and spectroscopic follow-up teams

Abstract
The SDSS-II Supernova Survey team have pursued extensive follow-up spectroscopy campaigns

at a number of telescopes (especially HET, APO, WHT, Subaru, MDM, Keck, NTT and SALT).

The observations to date (Fall 2006, 2006) have yielded spectra of several hundred SNe, focusing

on type Ia's, but including classification spectra and synoptic monitoring of a variety of other

supernova types, as well. The Ia data, in particular, allow us to explore the diversity of SN spectra

and make connections with the SDSS-measured light curves. In our sample, dominated by

supernovae at redshifts ~0.1-0.35, most spectra have significant contamination from the host

galaxy, making host subtraction a critical step for the SN identification and subsequent spectral

analysis. In this update, we describe spectral results from 2005 and 2006, emphasizing our efforts

to improve host galaxy subtraction with PCA and chi-square fitting methods and describing some

spectral diversity in the SN Ia sample.
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Host Contamination
Our SN spectra are often blended with the spectra of their host galaxies. Thus separating the SN

and host galaxy light is critical for the SN identification and subsequent spectral analysis.

PCA & Chi-Square Fitting
To quantify the galaxy contamination and best isolate the supernova spectrum, we have explored

two decomposition methods - PCA (Principal Component Analysis) and Chi-Square fitting.

PCA (Fig 3)

We project the observed spectrum to an orthogonal set of

“eigenspectra” constructed from SDSS galaxy templates and to

a library of SN templates (assumed to be orthogonal to the

galaxy eigenspectra) to quantify the relative contribution of host

light (see Connolly et al. 1995, Madgwick et al. 2002, 2003; our

code also modified by J. Estrada, FNAL).

Chi-Square Fitting (Fig 4)

We define !2 as                                           where " is the error

on the spectrum and a, b are the fitting parameters for low

extinction (see e.g. Howell 2005), for each redshift z.

We fit the spectrum with a series of models in (a,b,z) space for

each possible combination of galaxy template and SN template

and select the best SN and galaxy type, and redshift z.
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PCA vs Chi-Square

Since the assumption of the
PCA method (host light
orthogonal to SN light) is not
accurate, PCA fails for some
cases when the !2 fitting
method still successfully
identifies the SN type, phase
and redshift. For example,
PCA decomposition fails on
1/2 of the spectra in Fig 2. For
comparison we list the !2-fit
fraction of light from the SN
(at 5500A rest) and the best-
fit SN & galaxy types below:

[From Top to Bottom in Fig 2]

SN Ia Spectroscopic Diversity
Measuring the diversity of spectroscopic features among Type Ia supernova (SN Ia) allows us to

probe the nature of progenitor binary systems, study the explosion mechanisms and improve our

understanding of SN Ia as cosmology distance indicators. We here test the potential use of !2 to

flag spectra with significant departures from the best-fit standard ‘Nugent’ SN Ia models.

Fig3-8:   data, model, SN
template,  galaxy template

Fig 1

Fig 2

Fig 3

Fig 4

Fig 5

Fig 8

Fig 7

Fig 2: A sample of observed spectra with significant host contamination

Below are three sample Ia spectra (host subtracted) with large

!2  (Figs 10-12) compared to one with a smaller !2 (Fig 9).

The significance of the difference between data (black) and

best-fit SN model (red)  indicate spectroscopic diversity.

Future Work
- Embed the extinction analysis in our chi-square fitting procedure.

- Quantify the contribution of systematic effects to parameter errors.

- Use !2 measurements to identify spectroscopic diversity and compare spectroscopic signatures

with light curves, color evolution and SN luminosity.

Fig 9

Fig 10 Fig 11 Fig 12

Fig 6

0.3880.3260.3070.2700.2430.2220.1750.116redshift

0.4±0.2

sc

Ia (+04d)

0.26±0.060.29±0.050.24±0.030.43±0.050.48±0.070.20±0.010.20±0.04SN Fraction

s0scellipticalellipticalellipticalellipticalellipticalGalaxy Type

Ia (+15d)Ia (+01d)Ia (+15d)Ia (+15d)Ia (+18d)Ia (+25d)Ia? (+22d)SN Type

SDSS SN Spectroscopy

C. Zheng, Stanford

Zheng et al. (2008)
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M. Sako, U. Pennsylvania

498 spectroscopically confirmed SN Ia
+ 52 probable SN Ia,

all in 9 months of searching 
(Sep-Nov 2005-2007)

➔ highest yield for any SN search

SDSS SN papers:

Frieman et al. (2008): overview
Sako et al. (2008): search/pipeline
Holtzman et al. (2008): photometry
Zheng et al. (2008): SN spectra
Dilday et al. (2008): low-z SN Ia rate

...



MLCS2k2 light-curve fits
SN 2005ij   z = 0.124 SN 2005ji   z = 0.214 SN 2005fs   z = 0.344

Jha, Riess, & Kirshner (2007)



MLCS2k2 and SALT-II 
light curve fits, with full 
Monte Carlo simulation 

of surveys

Kessler et al. (2008)

Preliminary 
Results
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for the first time we have a 
continuous expansion history 
measured from SN to z > 1
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ESSENCE 2006

H. Lampeitl, STScI

SDSS 
Low-Z
SNLS

ESSENCE
(SALT-II fits)

Kessler et al. (2008)

A. Becker, 
J. VanderPlas, 

U. Washington

+SDSS BAO
Eisenstein et al. (2005) full three year sample (data in hand) 

will have nearly 4x as many objects

preliminary!



! !

!"#$%&'()*+(",-&'./'#'01-
2(*#1.+.

!"#$%&$''(")

&$'*+,)-
,.,/0

A. Becker, U. Washington

Dilday et al. (2008)

toward a self-contained cosmology 
analysis... 87 SN Ia at z < 0.12

retrain fitters, limit systematics

large homogeneous sample to get 
ready for future surveys, e.g. >600 

photometric-only likely SN Ia

stay tuned!
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